Objective To examine the risk of non-fatal idiopathic venous thromboembolism in current users of a combined oral contraceptive containing drospirenone, relative to current users of preparations containing levonorgestrel. Design Nested case-control study. Cases were women with a first diagnosis of venous thromboembolism; up to four controls, matched by age, duration of recorded information, and general practice, were randomly selected for each case. Main outcome measures Odds ratios and 95% confidence intervals estimated with conditional logistic regression; age adjusted incidence rate ratio estimated with Poisson regression. Results 61 cases of idiopathic venous thromboembolism and 215 matched controls were identified. In the casecontrol analysis, current use of the drospirenone contraceptive was associated with a threefold higher risk of non-fatal idiopathic venous thromboembolism compared with levonorgestrel use; the odds ratio adjusted for body mass index was 3.3 (95% confidence interval 1.4 to 7.6). Subanalyses suggested that referral, diagnostic, first time user, duration of use, and switching biases were unlikely explanations for this finding. The crude incidence rate was 23.0 (95% confidence interval 13.4 to 36.9) per 100 000 woman years in current users of drospirenone and 9
INTRODUCTION
In 2002 a series of case reports raised concerns about the risk of venous thromboembolism in users of a recently marketed oral contraceptive containing 30 µg oestrogen and a new progestogen, drospirenone. 1 These reports emerged in the wake of earlier findings that oral contraceptives containing the newer progestogens desogestrel and gestodene ("third generation" pills), and cyproterone acetate, carried higher risks of venous thromboembolism than did pills containing an older progestogen, levonorgestrel. [2] [3] [4] [5] [6] [7] Since 2002 several studies have explored the risk of venous thromboembolism in users of the oral contraceptive containing drospirenone. [8] [9] [10] [11] However, whether this new oral contraceptive carries a higher risk of venous thromboembolism than do preparations containing levonorgestrel remains uncertain. Two industry funded cohort studies, which were done to meet postmarketing surveillance commitments, reported similar risks of venous thromboembolism in users of drospirenone and other oral contraceptives. 8 9 However, in one study, the reference group was not clearly defined and may have included women who took oral contraceptives associated with a higher risk of venous thromboembolism. 8 In the second study, the rates of venous thromboembolism in users of contraceptives containing levonorgestrel were reported to be similar not only to those in drospirenone users but also to those in users of other unspecified oral contraceptives. 9 This last finding is contrary to what would be expected if that group had included users of higher risk contraceptives. Two other studies found a small increase in risk of venous thromboembolism in users of the drospirenone oral contraceptive when compared with levonorgestrel. 10 11 In a Danish registry based cohort study, the relative risk was 1.64 (95% confidence interval 1.27 to 2.10). 10 A population based casecontrol study in the Netherlands reported an odds ratio of 1.7 (95% confidence interval 0.7 to 3.9). 11 All four studies included some non-idiopathic cases (women with other known risk factors for venous thromboembolism). The presence of risk factors for venous thromboembolism not only affects the probability of the woman developing the condition but also influences decisions about prescribing of oral contraceptives. Therefore, the inclusion of women with such risk factors in the study populations makes drawing valid causal inferences more difficult. 12 Secondary to this, failure to exclude people with other risk factors for the disease of interest can also result in a dilution of a real effect. 13 For these reasons, the generally preferred approach in studies of drug safety is to base the investigation on a study population without major risk factors for the disease. 12 We therefore did a nested casecontrol study to estimate the risk of non-fatal idiopathic venous thromboembolism associated with current use of the oral contraceptive containing drospirenone relative to current use of preparations containing levonorgestrel.
METHODS
We did a case-control study nested in a cohort of users of oral contraceptives containing 30 µg oestrogen in combination with either drospirenone or levonorgestrel. The study was based on data from the UK General Practice Research Database. This database has been used previously in several studies of oral contraceptive use and venous thromboembolism. 3 5 7 It contains information derived from the general practice records of more than three million people in the United Kingdom, including demographic data and details of prescribed drugs, medical diagnoses, hospital admissions, and deaths.
Identification of study cohort
As drospirenone first became available in the UK in April 2002, we confined the study to the years after this date. We identified all women who had received at least one prescription for an oral contraceptive containing 30 µg oestrogen in combination with either drospirenone or levonorgestrel between 1 May 2002 and 30 September 2009 (the study period).
We excluded women if they had a recorded history of risk factors for venous thromboembolism, as well as other conditions that might influence decisions about prescribing of oral contraceptives, such as previous venous thromboembolism, cancer (except nonmelanoma skin cancer), chronic renal failure, myocardial infarction, stroke, other cardiovascular disease, treated hypertension, treated hyperlipidaemia, type 1 diabetes, ulcerative and other colitis, systemic lupus erythematosus, rheumatoid arthritis, ankylosing spondylitis and other spondylopathies, psoriatic arthritis, cystic fibrosis, injecting drug use, and coagulation defects.
To avoid comparing the risk of venous thromboembolism in dissimilar groups of oral contraceptive users, only those women who started a new episode of use of a study oral contraceptive after 1 May 2002 were eligible for inclusion in the study cohort (this included women who had never used oral contraceptives previously, as well as those who had used them in the past and were restarting after a break). We therefore excluded women whose only use of a study oral contraceptive during the study period was part of a continuous episode of oral contraceptive use that had begun before 1 May 2002. We took the date of the first new prescription for a study oral contraceptive after 1 May 2002 as the date of entry into the study cohort.
To estimate woman years of use of drospirenone and levonorgestrel oral contraceptives in the study cohort, we counted the time from the date of the first prescription in each episode of use until the end of the last prescription plus 45 days. We considered consecutive prescriptions for a study oral contraceptive to be part of the same episode of use if the elapsed time between the end date of any one prescription and the issue of the next did not exceed 100 days.
Identification of potential cases and controls
We carried out all steps in the ascertainment of potential cases and selection of controls without knowledge of the particular study oral contraceptives women were taking.
Cases
We identified women who had a recorded diagnosis of venous thromboembolism (deep vein thrombosis or pulmonary embolism) after their entry into the cohort from the computer records, using the same Read and OXMIS codes as previously used in studies based on the General Practice Research Database. 3 5 7 We excluded those who did not have a record of treatment with an anticoagulant, as well as any women who continued to receive prescriptions for oral contraceptives after the index date, because the validity of the diagnosis of venous thromboembolism was less certain in such women. We took the date of diagnosis of venous thromboembolism as an index date. Women were eligible for inclusion as potential cases if they were aged 15-44 years on the index date and were current users of a study oral contraceptive. We defined current users as women who received a prescription that would have extended to the index date or to within 30 days of that date. We took current use as the relevant exposure period, because the risk of venous thromboembolism is increased while women are taking oral contraceptives and then returns to normal baseline levels once such use is discontinued.
14 To be included in the study, current users had to have at least one year of recorded medical information before the index date. We defined the current episode of use as the continuous episode of oral contraceptive use that led up to the index date. This episode could include the use of only one oral contraceptive or the use of more than one if a woman switched directly from one oral contraceptive to another without a break.
Two researchers, blinded to exposure status, independently reviewed the computerised medical records of the potential cases to identify women who had temporary risk factors for venous thromboembolism shortly before the index date. We excluded women who had a record of pregnancy, surgery, major injury, or prolonged immobility in the three months before the index date. Any disagreement between the reviewers was discussed and a consensus was reached.
For a subset of the remaining potential cases (the first 42 identified), we sent for copies of hospital discharge letters or outpatient clinic correspondence (as uncomplicated deep vein thrombosis is increasingly being treated in an outpatient setting in the UK 15 ) to determine the proportion for whom the diagnosis of venous thromboembolism could be validated and the proportion in whom no other major risk factors for venous thromboembolism were present.
Controls
For each eligible case, we randomly selected from the study cohort up to four controls matched by year of birth (within two years), number of years of recorded data, and general practice. The index date of each case served as the index date for her matched controls. As with cases, potential controls had to be current users of a study oral contraceptive and to have had at least one year of recorded medical information before the index date. Two researchers, blinded to exposure status, independently reviewed the computer records of potential controls. Controls were subject to the same exclusion criteria as cases.
Statistical analysis
We used conditional logistic regression to compute odds ratios and 95% confidence intervals in the casecontrol analyses. The key analysis estimated the risk of non-fatal idiopathic venous thromboembolism in current users of the oral contraceptive containing drospirenone relative to current users of levonorgestrel preparations. To do an analysis stratified according to history of oral contraceptive use (first episode of oral contraceptive use or previous episodes of use), we also did an unmatched analysis but accounted for the matched design by adjusting for year of birth and duration of recorded medical information and adjusting the standard error for clustering on general practice. We used chained equations to impute missing values of body mass index and smoking status [16] [17] [18] ; we used 100 imputations to obtain stability to one decimal place. The variables included in the imputation model were matching variables (year of birth and duration of recorded information), outcome (deep vein thrombosis, pulmonary embolism, or control), type of oral contraceptive (drospirenone or levonorgestrel), and covariates (log(body mass index), age at index date, smoking status, current use of antidepressants, history of varicose veins, history of oral contraceptive use before the current episode, duration of the current episode of use, and whether the current episode involved the use of more than one oral contraceptive).
Potential confounders explored in the analysis models were body mass index (as a continuous variable), history of varicose veins, smoking status (non-smoker, current smoker, past smoker), and antidepressant use. We also explored the effect of the duration of the current episode of oral contraceptive use. We retained adjustment for body mass index in all models; we included other variables if they were significant predictors or if their inclusion altered the odds ratio for the association with type of oral contraceptive by more than 10%. For the key analysis, we present both complete case and imputed data analyses. 19 We used Stata version 11.0 for all analyses. We estimated incidence rates and age standardised rate ratios by using Stata version 11.0 and Episheet. 20 
RESULTS
From the computer records, we identified 65 potentially eligible cases of venous thromboembolism. We sent for hospital discharge or outpatient clinic letters for 42 of these women, and we received information for 31. We excluded four women on the basis of this extra information. One had a basilic vein thrombosis that was thought to have an anatomical cause; the remaining three had confirmed venous thromboembolism with predisposing conditions (antiphospholipid syndrome, major trauma, prolonged immobility). For a further two women, the information we received was minimal and we could not determine whether the diagnosis (deep vein thrombosis in one, pulmonary embolism in the other) had been made on the basis of objective tests or if any precipitating events had occurred. We thus included 61 cases in the study; 27 had a diagnosis of deep vein thrombosis alone, and 34 had pulmonary embolism. 2) in controls. Body mass index was unknown for 34 women (four cases); for five of them (all controls), smoking status was also unknown. Those with missing body mass index values were more likely to have had deep vein thrombosis than pulmonary embolism (if cases), be users of levonorgestrel oral contraceptives, be taking antidepressants, be younger, and to be having their first episode of oral contraceptive use. A slightly smaller proportion of cases than controls were current smokers. Three cases and nine controls had a history of varicose veins; one control had a history of superficial venous thrombosis. Cases were more likely to be current users of antidepressants than were controls. Table 2 shows the results of the key analysis. Seventeen (28%) cases and 26 (12%) controls were current users of the drospirenone oral contraceptive. In the matched analysis involving all cases and controls, the unadjusted odd ratio was 3.2 (95% confidence interval 1.5 to 7.0). The odds ratio adjusted for body mass index was 3.3 (1.4 to 7.6). Further adjustment for a history of varicose veins, smoking, and the use of antidepressants (any antidepressant or tricyclic and non-tricyclic antidepressants separately) had a negligible effect; the odds ratio was 3.1 (1.3 to 7.5). In a model that adjusted for these factors and the duration of the current episode of use, the odds ratio was 3.2 (1.3 to 7.6). These odds ratios from the imputed missing data analysis were slightly higher than those obtained in the complete case analysis (the analysis that excluded cases and controls with missing body mass index and the controls of the excluded cases).
We estimated separate associations for validated and unvalidated cases in a model with an interaction term. After adjustment for body mass index, the odds ratio for validated cases was 4.0 (0.9 to 16.5) and that for unvalidated cases was 3.0 (1.0 to 8.5); the P value for the interaction was 0.8. Further adjustment for antidepressant use gave odds ratios of 3.4 (0.8 to 14.9) and 3.4 (1.2 to 10.1).
We also examined the risks of pulmonary embolism and deep vein thrombosis separately; the matched odds ratio for pulmonary embolism (adjusted for body mass index) was 2.1 (0.8 to 5.6). The unadjusted matched estimate for deep vein thrombosis (based on 10 discordant case-control sets) was 8.6 (1.8 to 41.6). Adjustment for body mass index gave an even higher odds ratio with a very wide confidence interval, indicating that the estimate was unreliable in this small subgroup.
We also did matched analyses to examine whether the excess risk of venous thromboembolism in current users of the drospirenone oral contraceptive, relative to users of levonorgestrel, differed according to age (<35 years, ≥35 years); the odds ratios from the interaction model (adjusted for body mass index) were 3.7 (1.3 to 10.7) for the younger women and 2.8 (0.7 to 10.7) for the older women; the P value for the interaction was 0.7. Further adjustment for antidepressant use gave odds ratios of 4.1 (1.4 to 12.2) and 2.4 (0.6 to 10.2); the P value was 0.6. Fourteen (23%) cases and 36 (17%) controls had no record of any previous oral contraceptive use before the current episode. We did an analysis to explore whether the excess risk of venous thromboembolism associated with the use of the drospirenone oral contraceptive differed according to the history of oral contraceptive use before the current episode (no previous use, at least one previous episode of use). Among first time users, the unmatched odds ratio from the interaction model adjusted for the matching factors and body mass index was 8.6 (1.7 to 42.8). For women who had previously used oral contraceptives, the corresponding adjusted odds ratio was 2.4 (1.1 to 5.2). The P value for the interaction was 0.17.
We also did a matched analysis to examine whether the excess risk of venous thromboembolism in current users of the drospirenone contraceptive differed according to the elapsed time since the product had been introduced on to the market. We chose a cut-off date of 1 January 2007 to allow for sufficient woman years of use of both oral contraceptives to be accumulated. We found elevated risks in the periods before and after January 2007. The odds ratios from the interaction model (adjusted for body mass index) were 2.2 (0.5 to 9.2) in the first period and 4.1 (1.4 to 11.8) in the second period; the P value for the interaction was 0.5.
Six cases and 17 controls had taken more than one oral contraceptive in the course of their current episode of continuous oral contraceptive use. When we excluded these women, the adjusted (for body mass index) matched odds ratio was 3.2 (1.1 to 8.7). Adjustment for switching (and body mass index), rather than excluding these women, produced similar results; the odds ratio was 3.6 (1.4 to 9.0).
We found 318 825 women who met all of the criteria for inclusion in the study cohort. This cohort had an estimated 73 853 woman years of use of the oral contraceptive containing 30 µg oestrogen and drospirenone and 482 229 woman years of use of preparations containing 30 µg oestrogen and levonorgestrel. The crude incidence rates were 23.0 (95% confidence interval 13.4 to 36.9) per 100 000 woman years in current users of drospirenone oral contraceptives and 9.1 (6.6 to 12.2) per 100 000 woman years in current users of levonorgestrel oral contraceptives. The age adjusted incidence rate ratio was 2.7 (1.5 to 4.7).
DISCUSSION
In this study, women who were current users of the oral contraceptive containing drospirenone were about three times as likely to develop non-fatal idiopathic venous thromboembolism as were current users of contraceptives containing levonorgestrel. The matched odds ratio (adjusted for body mass index) in the case-control analysis was 3.3 (95% confidence interval 1.4 to 7.6), and the age adjusted incidence rate ratio in the cohort analysis was 2.7 (95% confidence interval 1.5 to 4.7). 
Strengths and limitations of study
The study had several strengths. Firstly, we are likely to have identified all potential diagnosed cases of nonfatal venous thromboembolism in the study cohort, because information about outpatient and emergency department visits and hospital admissions in the UK is sent to general practitioners, and the practices contributing to the General Practice Research Database are trained to record the diagnoses associated with such visits and admissions in the patient's record. Secondly, referral and diagnostic biases seem unlikely explanations for our results, as an elevated risk in users of the drospirenone oral contraceptive was also apparent in the analysis confined to cases of pulmonary embolism -cases in whom the severity of the condition makes any potential differential referral of users of the newer oral contraceptive much less likely. Thirdly, for both cases and controls, information about the medical history and prescription of oral contraceptives and other drugs came from medical records and hence was not subject to recall bias. Body mass index also came from records, rather than self report. Controls came from the same general practices as cases and were matched on the number of years of recorded medical information, ensuring comparable quality and duration of information. Moreover, the duration of recorded information was considerable (mean duration 10 years), permitting the ascertainment of comprehensive medical and contraceptive histories. Fourthly, we restricted the study to current users of drospirenone and levonorgestrel contraceptives who received prescriptions from their general practitioners. Although some current users of oral contraceptives could have been excluded from this study because they obtained their contraceptives from other sources such as family planning clinics, the risk of venous thromboembolism in users of the drospirenone contraceptive relative to levonorgestrel users would need to be different in the excluded group for this to have any relevance to the interpretation of our results. Fifthly, confounding of the key results by age, body mass index, smoking, concomitant drug use, or underlying medical conditions is unlikely: we excluded cases and controls with major risk factors for venous thromboembolism, controls were matched to cases for year of birth, and we explored potential confounding in the analysis. We used multiple imputation methods to impute missing data for body mass index and smoking; although this assumes that data are missing at random, nonignorable mechanisms that would have had more than a minimal effect on the estimated odds ratios are unlikely. We did not have information about family history of venous thromboembolism, but any difference in the prevalence of this risk factor between users of drospirenone and levonorgestrel contraceptives would be unlikely to be of sufficient magnitude to explain a threefold elevated risk. Thus, our results seem very unlikely to be explained by any selective prescribing of the newer product to women at higher risk of venous thromboembolism. Finally, to compare similar groups of users, we confined the study to women who started a new episode of oral contraceptive use after drospirenone was first available for use. We found no evidence that current users of drospirenone as a group included a disproportionate number of short term or first time users (who seem to carry a higher risk of venous thromboembolism 21 ) than did current users of levonorgestrel pills. Moreover, the excess risk associated with the drospirenone contraceptive persisted after adjustment for duration of use; it was also apparent both in first time users and in women who had taken oral contraceptives previously, and it was lower during the period after the introduction of drospirenone (when it might be expected to be higher if drospirenone users were more likely to be first time users than were women taking levonorgestrel pills) than in later years. The point estimate also remained above 3.0 when we took switching into account.
The main limitation of this study was the relatively small number of cases, which inevitably limited the precision of our estimates of relative risk in the subanalyses, as shown by the wide 95% confidence intervals. Nevertheless, the point estimates obtained in the analyses stratified by age, certainty of diagnosis, history of contraceptive use, and calendar period were all consistently in the order of at least a twofold to threefold higher risk of venous thromboembolism in users of the oral contraceptive containing drospirenone relative to users of levonorgestrel. Moreover, the results of this study are very similar to those of a larger study that used data from a US claims database. 22 We did not obtain copies of hospital discharge or outpatient clinic letters for all potential cases, but in the subset of women for whom we had such information all had confirmed venous thromboembolism and only four were considered non-idiopathic. This provides reassurance that virtually all of the women included in this study are likely to be true cases. Although some of the women for whom we did not obtain extra information may have had conditions or events that precipitated their venous thromboembolism, the proportion is likely to be small and, if anything, the inclusion of such women is likely to have resulted in a slight attenuation of the estimates of relative risk. In any event, we found an elevated risk for validated cases. Comparison with other studies Our finding of a higher risk of non-fatal venous thromboembolism in users of oral contraceptives containing drospirenone, relative to levonorgestrel users, is consistent with the results of two previous epidemiological studies. 10 11 Our estimate of relative risk was somewhat higher than those reported in the Danish and Dutch studies, 10 11 but some differences in design might account for this. Unlike the Danish cohort study, 10 we were able to exclude women with temporary risk factors for venous thromboembolism, such as surgery, injury, and immobility, and to explore the influence of body mass index and smoking. In the Dutch study, 11 the control group may not have provided a good estimate of the prevalence of use of different types of oral contraceptives at the time the cases occurred-about 40% of controls were partners of men with venous thromboembolism, and 60% were selected through random digit dialling; the index dates for the two groups of controls were the date of diagnosis of venous thromboembolism in the partner and the date of interview, respectively; and the proportion of eligible women who participated was not high.
Our results are also consistent with findings from laboratory based studies in which activated protein C resistance was shown to be higher in users of the drospirenone oral contraceptive than in users of levonorgestrel preparations and of a similar magnitude to that in users of pills containing desogestrel, gestodene, and cyproterone acetate. 23 24 The investigators in one post-marketing study reported that obese women were differentially prescribed the drospirenone oral contraceptive in their predominantly German study population 9 ; however, we found no evidence of such differential prescribing to UK women in our study. In fact, among the controls with a recorded body mass index, a slightly lower proportion of drospirenone users had a body mass index of 25 or above compared with levonorgestrel users (29% v 31%) ; the median body mass index in the two groups was 22.4 (range 17.9-30.8) and 23.3 (17.3-43.2).
Conclusions and policy implications
This study adds to emerging evidence that use of the oral contraceptive containing drospirenone is associated with a higher risk of venous thromboembolism than are preparations containing levonorgestrel. Perhaps now is the time for a systematic review on this topic. In the meantime, as no clear evidence exists to show that the use of the drospirenone pill confers benefits above those of other oral contraceptives in preventing pregnancy, 25 treating acne, 26 alleviating premenstrual syndrome, 27 or avoiding weight gain, 28 prescribing lower risk levonorgestrel preparations as the first line choice in women wishing to take an oral contraceptive would seem prudent.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Combined oral contraceptives containing desogestrel, gestodene, and cyproterone acetate are associated with a higher risk of venous thromboembolism than levonorgestrel contraceptives Limited evidence suggests that an oral contraceptive containing a new progestogen, drospirenone, also carries a higher risk of venous thromboembolism
WHAT THIS STUDY ADDS
Current use of the drospirenone oral contraceptive was associated with a threefold increase in idiopathic non-fatal venous thromboembolism compared with current use of levonorgestrel pills, although the overall risk was still low
Referral, diagnostic, recall, first time user, duration of use, and switching biases, and confounding, are unlikely explanations for these findings
The crude incidence rates were 23.0 (95% confidence interval 13.4 to 36.9) and 9.1 (6.6 to 12.2) per 100 000 woman years in current users of drospirenone and levonorgestrel oral contraceptives
